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SEMINAL VESICULITIS IN PATIENTS WITH EPIDIDYMITIS

TABLE 2. TRUS of seminal vesicles

Pretreatment Area (em?) Posttreatment Area (¢m?) Days
Pt No. ] . Before + After
Ipsilat Contralat Ipsilat Contralat Treatment
1 3.09 2.16 2.28 0.91 21
2 6.80 3.63 3.09 3.57 21
3 2.85 174 2.03 211 19
4 3.08 2.77 No data available No data available No data available
5 2.60 1.36 2.36 1.68 1)
6 1.58 1.36 No data available No data available No data available
Ki 3.32 2.34 2.10 2.23 24
8 3.03 2.98 2.14 2.49 7
8 2.59 3.02 1.95 2.24 96
10 2,46 2.07 1.46 1.75 23
11 4,75 2.81 2,81 1.58 63
12 3.04 2.33 2.83 2.04 81
13 2.41 2.92 2.07 2.01 19
Totals Mean = SD Mean * SD Mean = SD 2.2 Mean = 8D 2.1 Median 24
3.2+13 2.4 07 * 0.4 + 0.5

Patients 1 and 8 were excluded from statistical analysis because of no available data after treatment. ‘
Pretreatment ipsilateral ve contralateral and vs posttreatment ipsilateral, and pretreatment vs postireatment contralateral paired t test p = 0.015, 0.003 and

0.053, respectively.

not detected in any of the 13 patients. Escherichia coli, Strep-
tococcus agalactioe or Flavobacterium indologenes was iso-
lated from the urine of 4 of the 13 patients. Patierits 9 to 13
were 40 years old and older. Only 1 patient showed positive
isolation of the same bacterium, E. coli, from urine and from
fluid of the seminal vesicle on the side ipsilateral to epidid-
ymitis, One patient in the study did not have any microor-
ganisms, probably because of antimicrobial treatment given
elsewhere before his visit. No patients had any microorgan-
ism in fluid from the seminal vesicle on the contralateral
side. Eradication of microorganisms was confirmed by urine
examination after antimicrobial treatment in all 13 patients.

DISCUSSION

The results of our study clearly indicate that seminal ve-
siculitis is a discrete disease entity associated with acute
epididymitis. The first evidence to support our interpreta-
tions was that abnormal dilatation of the seminal vesicle was
clearly found more frequently on the side ipsilateral to epi-
didymitis than on the contralateral side (92% vs 31%). Also,
puncture fluid from the seminal vesicle on the ipsilateral side
in all patients contained many white blood cells, indicating
inflammation. In addition, the frequency of inflammatory
findings was significantly higher in fluid from the ipsilateral
seminal vesicle than from the contralateral one (100% vs
40%) when the puncture was successfully accomplished. As
discussed, clinically significant microorganisms were de-
tected in the fluid of more than 60% of patients. When these
microorganisms were detected in the fluid, they were identi-
cal to those detected in urine. Furthermore, the reduction in
the ipsilateral seminal vesicle paralleled the elinical outcome
after appropriate antimicrobial treatment, also indicating
the inflammatory nature of the infectious process. Thus, our
results not only confirm the findings of previous studies,1-3
but also add direct evidence that the seminal vesicle was
strongly involved in the inflammation process.

It was intriguing that in our study C. trachomatis was
detected in seminal vesicle fluid in younger patients with
acute epididymitis, in whom the same organism was also
detected in urine. Berger et &l reported that C. trachomatis
was isolated from the urethra and puncture fluid of epididy-
mis in young patients with acute epididymitis.® It is well-
known evidence that C. frachomatis can cause epididymitis.
To our knowledge the results of our study provide for the first
time evidence that C. trachomatis is involved in the develop-
ment of seminal vesiculitis as well as epididymitis. In fact, in
heterosexual men younger than 35 years bacteriuria is un-

common, whereas urethritis caused by N. gororrhoeae or C.
trachomatis is common.®

The last and most important question is whether seminal
vesiculitis precedes acute epididymitis. In our study several
patients with epididymitis already had dilatation and in-
flammation of the seminal vesicle on the contralateral side
despite the finding that epididymitis was unilaterally lim-
ited, although the frequency of this abnormality was clearly
lower than that on the ipsilateral side. Krishnan and Heal
postulated in their study that epididymitis originated from
seminal vesiculitis but the opposite did not occur.3 If seminal
vesiculitis precedes acute epididymitis, the seminal vesicle
might be an infectious site of microorganisms, especially in
the case of C, trachomatis infection. If this interpretation is
correct, what is the origin of seminal vesiculitis? In the 1930s
Hyams et al had already postulated 3 ways by which the
disease might develop, namely direct extension from the
posterior urethra with the highest probability, followed by
extension from tuberculous epididymitis and bloed-borne dis-
semination.” Since we have direct evidence that C. tracho-
matis is the causative microorganism of seminal vesiculitis,
it is valid to speculate that the microorganism induced ure-
thral infection caused seminal vesiculitis to develop, followed
by epididymitis in some patients. However, we are still un-
able to explain why not all patients with chlamydial urethri-
tis have seminal vesiculitis and epididymitis. Additional
study is needed to establish the time courses.

A limitation of our study is that it is technically difficult to
puncture seminal vesicles without dilatation. In this series 8
of the 13 patients could not undergo puncture successfully.
Thus, we could not completely obtain inflammatory status
results on the side opposite epididymitis. In addition, this
puncture technique cannot be used as a routine diagnostic
procedure because it is somewhat invasive for patients and
the treatment for seminal vesiculitis would be the same as
that for acute epididymitis.

CONCIL.USIONS

Imaging, cytological and microbiological studies revealed a
clear association of seminal vesiculitis with acute epididym-
itis. Dilatation of the seminal vesicle with inflammatery find-
ings on the side ipsilateral to epididymitis was frequently
found in patients with acute epididymitis. C. érachomatis
was most frequently detected in fluid of dilated seminal ves-
icles, especially from patients 40 years and younger. The
associated abnormal dilatation of the seminal vesicle disap-
peared in parallel with improvement in symptoms and signs
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of acute epididymitis after treatment with an appropriate
antimicrobial agent. This study suggests that seminal vesic-
ulitis can be regarded as a discrete disease entity.

Dr. John N. Krieger, Department of Urology, University of
Washington School of Medicine, Seattle provided advice.
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Abstract The objective of this study was to provide precise
data on the incidence of sexually transmitted diseases
(STDs) in Hokkaido. The goal of this prospective surveil-
lance, study was to clarify the STD incidence between 1993
and 2001 in Hokkaido, Japan. The incidence of gonococeal
infection in men was found to be 127-199 per 100000
people per year, which was three or four times higher than
that for women. Female genital chlamydial infection had an
incidence of 300400 with a female to male ratio of two or
three to one. Younger adults had higher incidences of gono-
coccal and chlamydial infections than older people. In con-
clusion, the current study of STDs revealed high incidences
of gonococcal and chlamydial infections in the Hokkaido
area, and there was no decreasing trend in STD incidence
during these 4 years.

Key words Sexually transmitted diseases - Surveillance -
Hokkaido

Introduction

Chlamydia trachomatfs and Neisseria gonorrhoeaé are com-
monly prevalent in Japan. While there have been a few
reports in Japan of C. trachomatis resistant to antimicrobial
agents, many studies have indicated an increase of M
gonorrhoeae resistant to the conventional agents, especially
to quinclone.! Thus, information on the incidence of sexu-
ally transmitted diseases (STDs) must be delivered to the
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public to establish effective countermeasures against the
diseases. Unfortunately, until now, there have been no
sources of data in Japan to determiine the current incidences
of STDs.

In this context, the Selected Prefectures Survey for STDs
started in 1998 in eight prefectures of Japan with the sup-
port of Health and Labor Sciences Research Grants
(Research on Emerging and Re-emerging Infectious
Diseases) from the Miristry of Health, Labor, and Welfare
of Japan.™ The results of the studies in all selected prefec-
tures will be reported separately. We are actively engaged
in the study and responsible for data collection in Hokkaido
which is the northern main island of Japan. We determined
in this study the incidence of STDs in Hokkaido from 1998
through 2001,

Patients and methods
Subjects and data collection

Hokkaido has a population of 5700000, and approximately
1800000 people live in Sapporo. the capital. The study con-
sisted of collecting the age and sex of all newly diagnosed
symptomatic patients with STDs, including syphilis; chan-
croid; genital herpes infection: condyloma acuminatum;
and gonococcal, chlamydial, and nongonococcal and
nonchlamydial infections of the urethra or uterine cervix, in
June and November in 1998, 1999, 2000, and 2001i. The data
were requested from all clinics and hospitals that were en-
gaged in the treatment of patients with STDs. By mail, we
asked all these clinics and hospitals in Hokkaido to partici-
pate in the study and report these data.

Diagnosis of STDs

The early stage of symptomatic syphilis was diagnosed by
skin manifestation and standard serum tests. Chancroid,
genital herpes infection, and condyloma acuminatum were

-184~



164

basically diagnosed through inspection by physicians to
identify typical clinical lesions. Symptomatic patients with
urethritis or cervicitis were diagnosed as having gonococcal
infection when N. gonorrhoeae was detected in urethral
discharge or the first voided urine in male patients and
cervical smears in female patients. The detection methods
for this organism depended on the clinic and included Gram
staining. culture, polymerase chain reaction (PCR), and
ligase chain reaction (LCR). Symptomatic patients with
C. trachomatis infection were diagnosed as having the in-
fection by enzyme-linked immunoassay, PCR, or LCR
methods in specimens similar to those used in gonococcal
detection. When neither C. trachomatis or N. gonorrhoeae
was detected in symptomatic patients, they were diagnosed
as having nonchlamydial and nongonococcal (NC-NG) in-
fection of the urethra or cervix. If examination to detect C.
trachomatis was not done and patients showed no typical
findings of gonococcal infection, they were diagnosed as
having nongonococcal infection with chlamydia not deter-
mined (NG-CND) of the urethra or cervix.

Estimation of incidence of STDs

The incidence of STDs was determined as the number of
patients per 100000 people per year, based on the results of
the two months (June and November) and the total popula-
tion of Hokkaido in the corresponding year. The final inci-
dence was adjusted by the response rates of institutes in a
given year. .

Results

During the 4 years of the study, the number of institutes
asked to report information about patients with STDs var-
ied from 578 to 711 as a result of the opening of new opened
hospitals and the closure of old ones (Table 1). However,
response rates were consistently high at around 80%. sug-
gesting that most of the clinics and hospitals actively partici-
pated in the study.

When all STDs were taken into consideration, the mean
incidences from 1998 through 2001 were 590 male patients
and 816 female patients per 100000 people per year (Table
2). Although classic STDs such as syphilis and chancroid
showed very low incidences, the rates of gonococcal and
chlamydial infections in male patients and chlamydial infec-
tion in female patients were high in Hokkaido. In particular,
the incidence of chlamydial infection in female patients was

‘Table 1. Number of institutes asked to participate and response rates
in June and November each year

No. of institutes Response rate (%)

1998
June 584 82.2
November 578 80.3
1999
June Tel 789
MNovember 697 84.1
2000
June 683 78.6
November 679 792
2001
June 636 87.8
November 644 37.1
Mean 82.3

Table 2, Incidence {per 100000 people per year) of sexually transmitted discases (STDs) from 1998 through 2001 in Hokkaido prefecture

STD 1998 1999 2000 2001

Mule Female Male Female Male Female Male Female
All STDs 444 G388 630 910 621 853 663 813

(436.0453.7)  (677.5-69R7) (619.6-640.4) (897.7-921.7) (610.2-6312) (R40.9-864.6) (6522-672.9) (8NL7-823.6)
Syphilis 1.4 1.3 19 L5 2.5 5 1.0 0.7

(0.9-1.9) (0.8-1.8) (1.3-2.5) (1.0-2.0) {1.9-3.2) (0.2-0.8) (0.6-1.4) (0.4-1.0)
Chancroid 0 0 0 0 ¢ 0 0 0.2

(0.1-0.4)

Genital 3 67 33 64 35 71 33 65
herpes (291-33.8)  (634-70.0)  (30.6-354)  (61.2-67.6)  (324-374)  (68.0-749)  (30.2-348)  (61.6-67.8)
infection
Condyloma 20 26 26 33 28 35 23 29
acuminatem (17.9-21.6) (24.0-28.1) (23.5-27.7) (31.0-35.6) (25.9-30.4) (32.8-37.6) {21.0-24.8) {26.7-30.8)
Gonococeal 127 30 190 51 162 53 199 62
infection (120.9-131.3) (27.7-32.1)  (184.4-1958) (48.7-54.4)  (156.8-167.6) (50.5-56.4)  (1934-2049) (59.1-65.2)
Chlamydial 100 273 146 378 156 341 178 353
infection (962-104.6)  (266.1-2795) (l414-151.5) (3703-385.8) (150.7-161.3) (333.6-348.6) (172.8-183.5) (345.5-360.0)
NC-NG 139 240 197 316 210 313 217 281
infection (134.4-144.3)  (233.9-2463) - (191.3-203.0) (308.6-322.8) (203.7-215.9) (305.8-320.1) (21L.1-2229) (274.5-287.5)
CND-NG 26 5t 36 41 26 16 1 5
infection (237-280)  (484-542)  (33.3-382)  {(384-435)  (24.3-286)  (159-143)  (10.1-128)  (4.1-58)

Data are median incidence values with the 95% confidence interval in parentheses
NC-NG, nonchlamydial and nongonococcal infection, CND-NG, noagonococcal infection with chiamydia not determined
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two to three times higher than in male patients. This finding
was consistent throughout the 4 years. In contrast. gonococ-
cal infection was predominantly found in male patients.

Gonococeal infection (Table 3) and genital chlamydial
infection (Table 4) were high in younger people. The peak
incidence was found at the ages of 20~24 years for both
infections, followed by 15-19 and 25-29. In younger people,
there was a much higher incidence of female chlamydiat
infection than male gonoceccal infection,

Discussion

Countermeasures to prevent the spread of STDs have been
a major medical and public health issue. Some countries
have been very active in the prevention of STDs because
prevention is closely linked with a decrease in the incidence
of HIV infection.*” Thus. it is crucial as a first step in the
prevention of STDs to understand current trends in STD
incidence. Unfortunately, we have not had appropriate
sources of data in Japan to estimate the incidence of STDs.
The major purpose of this study is to provide such data and
to estimate the incidences of STDs.* ™ _
Hokkaido is focated in northern Japan and is the largest
prefecture in fapan, [t is rich in natural resources and has
many tourist attractions and many tourists from not only
other cities in Japan but also other Asian countries.
Sapporo s the capital of Hokkaido with a population of
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approximately 2 million. Sapporo’s Susukino entertainment
district has been thought to be a2 major source of STDs. In
addition, the style of sexual activity has been changing
slowly since the late 1990s, with oral sex becoming more
common. We have already investigated differences in STD
incidence between urban Sapporo and the rural areas of
Hokkaido.* The levels of chlamydial infection were almost
the same in urban and rural areas; however, the incidence of
gonococeal infection in male patients was higher in urban
areas than in rural areas.

The Centers for Disease Control and Prevention (CDC),
USA, reported the overall rates of chlamydial infection in
the USA in 1995 to be 290.3 in women and 52.1 in men per
100000 population.” In the CDC report, the incidence had
declined substantially for all age groups over a seven-year

‘period, although they were persistently highest among

young adolescents. In Birmingham, UK, the overall preva-
lence of chlamydia was reported to be 129 per 100000."
Northern Australia had a reported incidence of female
chlamydial infection of 250 per 100000." The rate for
women was approximately six times higher than that for
men. In addition, the report indicated that those aged 15-19
years accounted for 46% of those infected, followed 20-24
years at 33% and 14 years and younger at 4%. Thus, the
report cautioned that a higher incidence of the infection was
evident in the younger generation. Similar findings were
apparent in our study. Moreover, the incidence of chlamy-
dial infection in the study was higher than those reported in
other countries. Simple comparison of the incidence levels

Table 3. Incidence (per 100000 people per year) of gonococeal infections according to age category

Age Gouocoecal infection Gonococcal infection
(vears) (male) (female)
1998 1999 2000 2001 1998 1999 2000 2001
10-14 0 ¢ 0 ) 0 13 23 0
(0.9-7.6) (3.5-12.3) (72-19.4) (14.7-31.0)
15-19 166 252 241 245 170 224 232 227
(146.2-186.0)  (2274-275.8) (216.6-264.8) (22L.7-267.9)  (139.2-190.3) (201.0-2479)  (207.6-256.0) (204.5-249.9)
20-24 513 715 579 613 165 309 263 312
(478.6-5474)  (674.6-755.1)  (541.9-615.5) (576.6-648.6) (1454-184.5) (282.6-335.6) (238.6-288.3) (285.8-337.1)
25-29 401 749 545 875 41 100 185 205
(368.3-435.3)  (703.5-793.9)  (506.6-584.4)  (827.9-9223)  (30.5-50.9) (83.9-115.6) (163.5-207.4)  (182.6-220.4)
30-34 325 S517 414 522 24 60 54 93
(295.2-355.3)  (480.0-554.5)  (379.7-447.9)  (485.6-5583) (20.0-37.1) (47.7-72.3) (41.9-65.5) (78.4-1G8.43)
35-39 172 219 252 295 21 36 2L 49
(150.4-193.6)  (195.0-243.3)  (226.1-2788)  (267.6-32L.6) (13.2-27.9) (267459 - (13.4-282) (38.1-539.6)
4044 R9 129 133 172 0 10 14 2l
(74.8-103.1) (112.2-1459)  (1158-150.7)  (153.4-19L.0) (3.3-14.4) (8.2-19.) (15.0-27.9)
4549 65 73 56 80 0 & 9 5
(53.1-76.1) (60.3-84.9) (44.9-66.3) (67.5-91.9) (2.6-9.1) {4.9-13.2) (2.4-8.5)
50-54 53 68 7 34 7 1] 4 13
(41.6-65.1) (55.2-81.6) (57.0-84.3) {24.8-42.7) (32-11.4) (0.5-67) (8.1-18.7)
55-59 9 17 13 10 8 0 0 7
(3.8-13.6) (£0.3-23.9) (7.2-19.3) (12.9-27.0) (3.4-122) (3.1-11.2)
60-64 13 9 22 40 4 8 0 )]
(7.2-19.3) (3.8-13.5) (14.4-30.3) (30.2-50.4) (0.9-7.4) (3.6-12.T)
65+ 4 2 11 4 2 2 [} 0
{1.9-6.6) (0.4-3.7) (6.9-14.6) (1.7-6.1) (0.3-2.8) (0.3-2.8)
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Table 4. [ncidence (per 100000 people per year) of chlamydial infections according to age category

Age Chtamydial infection Chlamydial infection
(years) {male) (female)

1998 1999 2000 200t 1998 1999 2000 2001
10-14 D 4 0 8 9 31 23 12

(0.9-7.6} (3.5-12.3) (4.0-14.1) (21.7-40.3) (14.7-31.0) (6.7-18.1)

15-19 185 377 2% 303 1255 1540 1547 1439

(163.9-205.9) (347.7-407.1) (263.9-316.8) (277.7-329.1) (1199.4-1311.2) (1479.0-1601.6) (1484.1-1608.9) (1381.7-1496.1)
2024 451 665 664 . 723 1481 2286 1893 1892

(418.4-483.0) (625.8-703.4) (624.6-703.4) (684.0-762.1)  (1422.5-1339.5) (2213.8-2357.6) (1826.1-1959.1) (1828.9-1955.3)
2529 269 381 608 653 757 1125 940 1253

(241.9-296.7) (348.6-413.1) (566.3-649.1) (612.5-694.1) (713.0-801.2) (1072.1-1178.6) (890.1-988.9)  (1199.0-13074)
30-34 277 293 285 381 326 380 405 432

(249.2-304.6) (264.8-321.2) (256.5-313.0) (350.3412.5) (297.4-355.4) (349.0-410.9) (3723-437.2)  (400.4~464.2)
3539 103 156 192 208 115 153 175 195

(86.5-119.9)  (135.6-1763) (168.6-214.5) (185.5-230.9) ( Y7.8-132.3) (133.4-172.8) (153.3-196.1)  (1735.7-216.7)
4044 68 84 79 120 40 49 68 31

(35.3-79.9) (70.1-97.3) ~  (65.8-92.7) (104.5-136,0) (31.0-49.5) (39.2-59.4) (558-719.9) (22.9-38.3)
4549 32 Sl 43 71 24 29 18 22

(24.240.4) {40.6-60.7) (33.2-51.9) {59.3-82.3) (17.2-30.6) (21.9-36.6) (12.3-24.0) (15.7-27.9)
50-54 29 28 54 49 11 29 26 17

(20.1-37.9) (19.7-36.6) (42.1-65.9) (38.0-59.5) (5.9-16.0} (20.7-36.8) (18.2-33.7) (10.8-22.7)
‘5359 I3 30 18 24 i6 12 4 7.

(7.1-19.1} (21.6-38.9) (10.7-24.7) (16.2-31.7) (9.5-21.9) (6.6-16.8) (0.8-7.1} (3.1-11.2)
6064 4 4 9 12 12 12 8 8

(0.9-7.9) (0.9-7.8) (3.9-14.0) {6.3-17.6} (6.7-18.1) (6.6-17.7) (3.7-13.0) (3.3-11.8)
63+ 2 2 2 4 2 3 3 Q

{0.4-3.8) (0.4-3.7) (0.4-3.9) (1.7-6.1) (0.3-2.8) (1.4-4.8) {1.4-5.0)

sometimes is not appropriate because of different back-
grounds of study design. However, the results of our study
suggest that we need to provide immediately effective coun-
termeasures to prevent chlamydial infection in the younger
generation.

In our study, the incidence of male gonococcal infection
was 127-199 per 100000 people per year and the incidence
for women was 30-62. In other reports, the overall inci-
dence of male gonococcal infection was 98.4 per 100000
men and the estimated incidence of female gonococeal in-
fection was 370 per 100000." In the USA, the incidence of
gonococcal infection declined 71.3% between 1981 and
1996." However, there were some regions still having high
rates of infection, such as 547.4 per 100000 in Kansas City,
MO, 669.7 in Detroit, MI, 939.8 in Baltimore, MD, and
942.5 in Newark, NI. Interestingly, there were some states,
such as Montana (4.4 per 100000) and North Dakota™ with
low infection rates. In Hokkaido, there was no declining
trend of the disease during the 4 years of the study. The
incidence of gonococcal infection in men was three to four
times higher than that in women, and the trend is clearly
different from that of chlamydial infection. We still cannot
explain exactly why the incidence of male gonococcal infec-
tion is higher than that of female infection. The traditional
explanation of the mild nature of the infection in woemen
may be valid, because some screening programs for high-
risk groups have a nonnegligible detection rate of gono-
coccal infection.™" Screening programs for gonococcal
infection may reveal higher incidences of the infection. In

our study, only symptomatic patients were asked to be re-
ported. so that nonsymptomatic patients with the infection
would have been excluded from the data provided by
institutes.

The incidence of genital herpes infection and condyloma
acuminatum were low in this study. The incidence of latent
or subclinical infections with herpes simplex virus (HSV)
and human papillomavirus (HPV) has been reported to be
higher than that of symptomatic infection.'™* Indeed, we
already reported that HPV was detected in healthy men and
men with urethritis. In particular, 18% of those with ure-
thritis had HPV DNA on their external genitalia."” It is
noteworthy that more than 80% of positive patients had
high- or intermediate-oncogenic-risk HPV DNA. However,
the detection seems to be transient so that symptomatic
infection may be less prevalent, as found in our study.

Our study had several limitations in design. Although
there were consistently high response rates throughout the
4 years of the study, variation in the institutes that partici-
pated may have affected the number of patients with STDs
being reported, so that the total numbers might vary some-
what. The second is that diagnostic procedures for STDs,
in particular for gonococcal or chlamydial infections, might
not be the same in different clinics and hospitals. Some
nongonococcal infections with chlamydia not determined
may have been chlamydial infections because a specific de-
tection test for chlamydia was not done. Furthermore, some
detection procedures such as Gram staining for gonococcus
have a definitely lower sensitivity than PCR or LCR. Each
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institute that participated in the study had its own detection
policy for the causative agent of STDs. This might also have
affected the results. Nevertheless, the study is the first com-
prehensive one that allows us (o estimate much more
precisely the incidence of STDs. Thus, we now clearly un-
derstand that the incidence of STDs in our prefecture is
higher than previously anticipated, in particular, those of
gonococcal and chlamydial infections in vounger people.
These results emphasize the need to establish effective
countermeasures for prevention, such as robust health
education about STDs.

In conclusion, we conducted a prefecture-wide survey
for STDs. High response rates for reporting the number of
patients from each institute enabled us to estimate the inci-
dence of STDs in Hokkaido. Incidences of gonococcal and
chlamydial infections were prominently high, especially in
younger people. The results clearly indicate the need for
prompt establishment of practical countermeasures for pre-
vention of these diseases.
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Abstract

Susceptibility testing was conducted on 1357 isolates of Neisseria gonorrhoece isolated from 1993 through 2002 in Japan to assess
the antimicrobial resistance, Selected isolates were characterised by auxotype and analysis was done for mutations within the quinclone
resistance-determining region (QRDR) in the gyrA and parC genes. which confer fluoroguinolone resistance to the organism. Isolates with
ciprofloxacin resistance increased significantly from 6.6% (1993199410 73.5% (2002). The proportion of plasmid-mediated penicillin-resistant
isolates (PPNG) decreased significantly from 7.9% (1993-1994) to 0.9% (2002). The percentage of chromosomai-mediated resistance to peni-
cillin decreased from 27.4% in 2000 to 12.0% in 2001 but increased to 28.9% in 2002, The proportion of isolates with any type of resistance
to tetracycline decrzased from 24.7% in 2000 to 13.9% in 2001 and then increased to 22.3% in 2002. The proportion of prototrophic iso-
lates significantly decreased from 84.4% in 1992-1993 to 7.7% in 2001, while that of the proline-requiring isolates significantly increased
from 4.4% in 1992-1993 and 80.8% in 1998. The proline-requiring isolates were less susceptible to ciprofloxacin than the prototrophic or
arginine-requiring isolates. Of 87 isolates resistant to ciprofloxacin, 2 (2.3%) contained five amino acid substitutions within the GyrA and
ParC proteins, 76 (87.4%) contained three or four amino acid substitutions and 9 (10.3%) contained one or two aming acid substitutions.
© 2004 Elsevier B.V. and the Intemationat Society of Chemotherapy. All rights reserved. ’

Kevwords: Neisseria gonorrhoeac; Resistance; Auxotype; DNA gyrase; Topoisomerase [V

1. Introduction This study was performed to characterise the curment

antimicrobial susceptibility of N. gonorrhoene and in par-

The incidence of gonococcal infection has been increas-
ing since the mid-1990s in Japan. Gonococcal resistance to
antimicrobial agents has also been an increasing problem in
the treatment of gonorrhoea in Japan. In the last few years,
a high prevalence of the fluoroquinolone-resistant Neisseria
gonorrhoeae isolates and the treatment failure of gonococ-
cal infections with fluoroguinolones have been recognised in
Japan [1,2). Presently, N. gonorrhoeae isolates have evolved
in acquiring mutidrug resistance to fluoroquinolone, peni-
cillin and tetracycline. Auxotyping involves the characteri-
sation of nutritional requirements for the growth of N. gon-
orrhoeae isolates. Qur previous investigation demonstrated
that the proline-requiring isolates of N. gonorrhoeae were
less susceptible to ciprofloxacin than either prototrophic iso-
lates or arginine-requiring isolates [1].

* Corresponding author, Tel.; +8§1-92-801-1011;
fax: +81-92-873-1109.
E-mail address: watanaka@cis.fukuoka-uac,jp (M. Tanaka).

ticular, to examine the possibility of emerging high preva-
lence of high-level fluoroquinolone resistance and mul-
tidrug resistance in Japan. In addition, we examined the
changes of gonococcal auxotype and amino acid substitu-
tions in DNA gyrase subunit A (GyrA) and topoisomerase
IV parC-encoded subunit (ParC) proteins, which confer
quinolone resistance to the organisms.

2, Materials and methods
2.1. Neisseria gdnorrhoeae strains

From January 1993 through December 2002, a total of
1357 isolates of N. gonorrhoeae (1993-1994: 151 isolates;
1995-1996: 154 isolates; 1997-1998: 197 isolates; 1999:
246 isolates; 2000: 190 isolates; 2001: 208 isolates; and
2002: 211 isolates) were collected from consecutive male

0924-8579/$ — see front matter © 2004 Elsevier B.V. and the Iniernational Society of Chemotherapy. All rights reserved.

doi: 10, [016/j.ijantimicag.2004.02.005
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patients with urethritis attending a sexually transmitted dis-
eases (STD) clinic in Fukuoka city, Japan. Post-treatment
isclates or tepeat isolates from the same patients were
excluded. Specimens from each patient were inoculated
directly onto Thayer—Martin selective agar (Becton Dickin-
son, Cockeysville, MD, USA), ransported to the Mitsubishi
Kagaku Laboratory and incubated for 24—48h at 35°C in
5% CO» atmosphere. N. gonorrhoece was identified as
Gram-negative diplococci and by oxidase reaction and sugar
utilisation patterns. The isolates were stored at —30 °C until
they were tested.

2.2. Antimicrobial susceptibility testing

Minimum inhibitory concentrations (MICs) for alt iso-
lates were determined by an agar dilution technique with a
GC agar base (Becton Dickinson) containing 1% Iso VitaleX
(Becton Dickinson) and two-fold dilutions of antibiotic as
described previously [1]. The plates were inoculated with ap-
proximately 10* colony-forming units (cfu) per spot of each
isolate with a multipoint inoculator for a brief period. World
Health Organization (WHOQ) reference N. gonorrhoeac
strains A, B, C, D and E, and N. gonorrhoeae ATCC49226
strain were included as quality controls. The plates were
incubated for 24h at 35°C in 5% CO» atmosphere. MICs
were defined as the Jowest antibiotic concentration observed
to inhibit bacterial growth. B-Lactamase production was
assayed using the chromogenic cephalosporin test (Nitro-
cefin, Oxoid, Hampshire, UK). The antimicrobial agents
tested were penicillin G (Sigma Chemical St. Louis, MO,

USA), tetracycline (Wyeth Ledere Japan, Tokyo, Japan), .

cefixime (Fujisawa Pharmaceutical, Osaka, Japan), ceftri-
axone (Nippon Roche, Tokyo, Japan), ciprofloxacin (Bayer
Yakuhin, Osaka, Japan), levofloxacin (Daiichi Pharmaceu-
tical, Tokyo, Japan), sitafloxacin (Daiichi Pharmaceutical,
Tokyo, Japan), gatifloxacin (Kyorin Pharmaceutical, Tokyo,
Japan), azithromycin (Pfizer Pharmaceuticals, Tokyo, Japan)
and spectinomycin (Sigma Chemical). All the antibiotics
were obtained in powder-form with the stated potencies
of their manufacturers. The antimicrobial susceptibility
was judged by breakpoint criteria defined by the National
Committee for Laboratory Standards (NCCLS) [3].

2.3. Auxotyping

Auxotyping of gonococcal isolates was performed as de-
scribed by Catlin [4]. The isolates were tested on the chem-
ically defined media for their nutritional requirements for
proline, arginine, hypoxanthine, uracil, lysine, leucine, me-
thionine, histidine and combinations of these requirements.
Argine-requiring isclates were also cultured on media for
determining their ability to utilise ornithine as an alternative
substrate. The strains with no requirements for these sub-
stances were designated as prototrophic.

2.4. Molecular study

To identify mutations in the gyrA and parC genes of the 89
gonococcal strains (19921998 isolates) and 223 gonococceal
strains (1999 isolates), the polymerase chain reaction (PCR)
and direct DNA sequencing were performed as described
previously [1]. To amplify the genes corresponding 1o the
quinolone resistance-determining region (QRDR) within the
GyrA and ParC proteins, the oligonucleotide primers for the
PCR amplification were designed [1].

2.5. Swatistical analysis

Data were analysed by chi-square test. Statistical signifi-
cance for all P-values was set at (.05,

3. Results and discussion
3.1. Fluoroquinolone vesistance

The proportion of isolates resistant to ciprofloxacin
(MIC > 1mg/) increased remarkably from 6.6% in
1993-1994 to 73.5% in 2002 (Fig. 1). This difference was
statisticaily sigmificant (P < 0.0001). The ciprofloxacin
MICsp (4 mg/l) and MICgy (32 mg/l} for isolates in 2002
were 128- and 64-fold, respectively, which were higher
than those (MICsp: 0.03 mg/l and MICgy: 0.5 mg/l) for the
isolates in 1993-1994. The levofloxacin MICsg (4mg/)
and MICy (8mg/l) for the isolates in 2002 were also
128- and 32-fold, respectively, which were higher than
those (MICsp: 0.03mg/l and MICog: 0.25mg/l) for the
isolates in 1993-1994. Morecover, gonococcal isolates in
2002 showed resistance to a new fluoroquinolones of
sitafloxacin and gatifioxacin (Table 1). In Fukuoka city,
about 75% of N. gonorrhoeae isolates have been found
to be resistant to ciprofloxacin. These findings seem to
reflect the longstanding usage of fluoroquinolones as a
drug of choice for the treatment of gonococcal infection
at sexually transmitted disease clinics in Fukucka city.
The frequent use of fluoroquinolones against gonorthoea
may lead to the rapid development of resistance to these
agents, This increase in flucroquinolone resistance has also
been substantial in some Western Pacific countries. High
propostions of fluoroquinolone-resistant N, gonorrhaeae
are detected in China (85.2%), Hong Kong (79.5%), the
Philippines (37.9%) and Viemam (42.7%). The percentage
of fluoroquinolone-resistant isolates in Hong Kong has in-
creased from about 50% in 1998 to 79.5% in 2000 and the
fluoroquinolone resistance rates have increased markedly in
China [5].

3.2. Penicillin resistance

The proportion of isolates with any type of resistance to
penicillin (MIC > 2 mg/l) decreased from 27.9% in 2000 to
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Fig. 1. Changes in the proportion of the various antimicrobial-resistant ¥. gonorriiocac isolates.
Table |
Susceptibilities of N. gonorrhoeae isolues to fluoroguinolones and penicillin
Antibiotic Year MIC {mg/)
50% 0% Range
Ciprofioxacin 1993-1994 0.03 0.5 =0.001-1
1995-1996 0.03 (1x) 1(2x) 0.004-16
1997-1998 0.03 (1x) 8 (16> 0.002--16
1999 Q.12 4x) 8 (16:) <0.001-16
2000 0.25 (8x) 16 (32x) <0.001-64
2001 4 (128x) 16 (32%) <0.001-64
2002 4 (128x) 32 (64x) 0.002-64
Levofloxacin 1993-1994 0.03 .25 <0.001-0.5
1995-1996 0,06 2x) 1 (dx) 0.008-8
1997-1998 0.06 (2x) 8 (32x) 0.004-16
1999 0.25 (8x) 4 (16x) =0.001-16
2000 0.5 {16x) 8 (32x) 0.002-32
2001 2 (64x) 8 (32x) 0.002-16
2002 4 (128x) 8 (32x) 0.004-32
Sitafloxacin 19931994 0.004 (1%} 0.015 (1 x) 0.005-0.03
1995-1996 0.004 (2x) 0.03 2x) <0,001-0.25
1997-1998 0.008 (2x) 0.12 (8%) <0.001-0.5
2001 0.12 (32x) 025 (16x) <0.001-0.25
2002 0.12 (32x) 0.25 (16x%) =0.001-0.5
Gatifloxacin 1993-1994 0.015 (2x) 006 (1x) <0.001-0.12
1995-1996 0.03 (2x) 025 (4x) 0.004-=2
2001 1 (64%) 2 (32x) <0.0014
2002 1 {64x) 2 (32x) <0.001-8
PenicillinG? 1993-1994 0.25 2 0.008-2
1995-1996 0.12 {0.5%) 1{0.5%) 0.015-2
1997-1958 0.25 (Ix) 2 (1x) 0.034
1999 0.25 (Ix) 2 {1x) 0.0084
2000 0.5 2x%) 2 {(1x) 0.008-8
2001 0.5 (2x) 2 (1x) 0.004—4
2002 1 (4x) 2 (1x) 0.004-4

a Noa-PPNG isolates only.
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13.5% in 2001 but increased to 29.9% in 2002 (Fig. 1). The
prevalence of plasmid-mediated penicillin-resistant gono-
cocci (PPNG) strains decreased significantly from 7.9% in
1993-1994 t0 0.9% in 2002 (P < 0.002). However, the per-
centage of chromosomal-mediated resistance (CMRNG) to
penicillin decreased from 27.4% in 2000 to 12.0% in 2001
and then increased to 28.9% in 2002. The MICsp of peni-
cillin for nen-PPNG in 2002 were four-fold higher than
those in 1993-1994. However, the MICyg of penicillin for
non-PPNG in 1997-1998 were similar to that in 19931994
{Table 1). High prevalence o penicillin-resistant gonococcal
isolates remains a major problem in many parts of the West-
em Pacific countries. Very high rates of combined forms
of penicillin resistance (CMRNG -+ PPNG) are recorded in
Korea (91%). the Philippines (89%), China (80%), Brunei
(63%), Singapore (58%), Hong Kong (54%) and Vietnam
(48%) [5). The prevalence rates of penicillin-resistance in

M. Tanaka et al./International Journal of Antimicrobial Agents 245 (2004) 515-§22

these Western Pacific countries are much higher than that in
Japan.

3.3, Tetracycline resistance

The proportion of isolates with any type of resistance
to tetracycline decreased from 24.7% in 2000 to 13.9% in
200t and then increased to 22.3% in 2002 (Fig. 1). Only
two (0.15%) isolates of plasmid-mediated high-level tetra-
cycline resistance (TRNG) were identified during the study
period. The tetracycline MICsy and MICqq for the isolates
in 2002 were only two-fold higher than those for the isolates
in 1993-1994 (Table 2). High rates of TRNG (between 23
and 70%) were prominent in Malaysia, Brunei, Singapore,
Vietnam, China and Papua New Guinea. The prevalence rate
of TRNG in Japan is remarkably lower than those in the
countries mentioned. In other Western Pacific countries rates

Table 2
Susceptibilities of N. gonorrhocae isolates to various antibiotics
Antibiotic Year MIC (mgfl)
50% 90% Range
Tetracycline 19931994 0.5 1 0.06-8
19951996 0.25 (0.5%) 1 (1x) 0064
1997-1998 025 (0.5x) 2 (2%) 0.06-2
1999 0.5 (Ix) 1(1x) 0.03-2
2000 0.5 (1x) 2 (2x) 0.03-16
2001 I(2x) 2(2x) 0.034
2002 1(2x) 2(2x%) 0.06-16
Cefixime 1993-1994 0.015 0.12 <0.001-0.25
1995-1996 0,008 (0.5x) 0.06 (0.5%) £0.001-0.12
1997-1998 0.015 (Ix) 0.12 (1x) 0.002-0.5
1999 0.015 (1x) 0.25 2x) =0.001-0.5
2000 0.03 2x) 0.25 (2x) 0.002-0.5
2001 0.015 (1x) 0.25 (2x) =0.001-0.25
2002 0.03 (2x) 0.25 (2x) 0,002-0.5
Cefirinxone 1993-1994 0.015 0.06 =0.001-0.25
1995-1996 0.015 (Ix) 0.12 (2x) =<0.001-0.12
1997-1998 0.008 (0.5x%) 0.12 (2x) <0.001-0.25
1999 0.008 (0.5x) 0.06 (1x) =0.001-0.12
2000 0.015 (1x) 0.06 (Ix) <0.001-0.5
2001 0.015 (1x) 0.06 (1x) <0.001-0.06
2002 0.015 {1x) 0.06 (1x) 0.002-0.12
Azithromycin 1993-1994 0.06 0.25 0.008-1
1995-1996 0.06 (1x) 0.12 (0.5%) 0.015-0.5
1997-1998 0.12 (2x) 0.25 (1x) 0.015-1
1999 0.12 (2x) 0.5 (2x) 0.015-0.5
2000 0.12 (2x) 0.5 (2x) 6.008-0.5
2001 0.25 (4x) 0.5 (2x) 0.008-0.5
2002 0.12 (2%) 025 (Ix) 0.008-2
Spectinomycin 1993-1994 8 8 2-16
1995-1996 8 (1x) 16 (2x) 4-16
19971998 8 (1x) 16 (2x) 4-16
1999 8 (1x) 8 (1x) 2-16
2000 8 (1x) 16 (2x) 2-32
2001 B (1x) 16 (2x) 2-16
2002 8 (1x) 16 (2x) 4-16
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of TRNG range between 0.5 and 11% of strains examined
fS].

3.4. Cephalosporin resistance

The proportion of isolates resistant to cefixime (MIC >
0.5mg/t) was very low, ranging from 0 to 3.2% during the
study period (Fig. 1}. The MICsy and MICygp values for the
isolates in 2002 were only two-fold higher than isolates in
19931994, There were no significant changes in the gono-
coccal susceptibility 1o ceftriaxone. The MICsp and MICog
values of this agent for the isolates in the year 2002 were
similar to those in 1993~1994 (Table 2). Only one isolate in
the year 2000 showed reduced susceptibility to ceftriaxone
{MIC = 0.5 mg/l). These data indicates that most gonococcal
isolates are susceptible to ceftriaxone and cefixime. These
later generation cephalosporins are very important agents in
the treatment of gonorrhoea as resistance to fluoroquinoclone,
penicillin and tetracycline accelerates in Japan.

3.5. Spectinomycin resistance

No isolate resistant to spectinomycin (MIC = 128 mg/l)
was detected and there were no significant changes in the
gonococcal susceptibility to spectinomycin during this pe-
riod. The MICsq value of spectinomycin for the isolates
in the year 2002 was similar to that in 1993-1994. The
MICgg value for the 2002 isolates was only two-fold higher
than for isolates in 1993-1994 (Table 2). A single dose of
spectinomycin (2 g) is one of first-line regimens for gon-

orthoea recommended by the Japanese Society for Sexu-
ally Transmitted Diseases and is one of the altemative regi-
mens used in the United States [6] and the United Kingdom
[7]. Our results corroborate that a single dose of spectino-
mycin. as one of first-line regimens, is still effective against
gonococcal infection. However, only a small number of
spectinomycin-resistant N. gonorrhoeae were found in some
Western Pacific countries [5].

3.6. Azithromycin resistance

There were no significant changes in the gonococcal sus-
ceptibility to azithromycin during the study period. The
MICsy value of azithromyein for the isolates in 2002 was
only two-fold higher than for isolates in 1993-1994. The
MICqg of this agent for the isolates in 2002 were equal to
that in 1993-1994 (Table 2). Although azithromycin is not
recommended currently for gonococcal infection in Japan,
the agent could be one of the regimens to be used in gonor-
rhoea caused by isolates resistant to penicillin, tetracycline
and/or ciprofloxacin.

3.7. Multidrug resistance

The proportion of isolates of non-B-lactamase producing
N. gonorrhoeae (non-PPNG) resistant to any three antibi-
otics among penicillin, tetracycline and ciprofloxacin dur-
ing three periods are shown in Fig. 2. Only five (3.1%)
out of 159 non-PPNG isolates in 1997 were resistant to
both penicillin and ciprofloxacin, Three types of isolates

100
80
mPC-R/TC-R/FQ-R
60 =TC-R/CF-R
8PC-R/CF-R
%
PC-R/TC-R
40 oCF-R
aTC-R
oPC-R
20
14.9
8.2
0 L
1997 1989 2002
Year

Fig. 2. Changes in the proportion of isolates of non-PPNG resistant to any three amtibiotics among penicillin, tetracycline and ciprofloxacin. PC-R:
penicillin resistance; TC-R: tetracycline resistance; and CF-R: ciproftoxacin resistance.
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Fig. 3. Changes in the auxotypes of N. gonorrhoeae isolates.

resistant to two antibiotics accounted for 3.3-4.5% of the
173 non-PPNG isolates in 1999. Of the 209 non-PPNG iso-
lates in 2002, three types of isolates resistant to two antibi-
otics accounted for 2.4—12.4%. Multidrug-resistant isolates
(resistant to penicillin, tetracycline and ciprofloxacin} were
significantly increased from 1999 (0.8%) to 2002 (11.0%)
(P = 0.0002). These results suggest that the isolates show-
ing resistance to ciprofloxacin have chromosomal mutations
in gyrA with or without parC genes that may be combined
with well-known chromosomal mutations at other loci such
as penA (decreased binding to PBP2) [8], penB (reduced
porin permeability) [9] and m#r (mutidrug effiux pump) [10].
The treatment of gonorthoea will therefore becomes more
and more complicated due to multidrug resistance to a va-
riety of antimicrobial agents.

3.8. Auxotype

Auxotyping is a useful epidemiological marker for mon-
itoring gonococcal epidemics. In various south-east Asian
countries, both prototrophic and proline-requring isolates
have been reported to be prevalent [11,12]. In this study,
the three predominant auxotypes were prototrophic (29.5%),
proline-requiring (50.6%) and arginine-requiring (11.6%) in
a total of 502 isolates tested (Fig. 3), There were dramatic
changes in the proportion of these auxotypes. The propor-
tion of prototrophic isclates significantly decreased from
84.4% in 1992-1993 to 7.7% in 2001 (P < 0.0001), while
that of the proline-requiring isolates significantly increased
from 4.4% in 1992-1993 and 80.8% in 2001 (P < 0.0001).
The proportion of arginine-requiring isolates increased from
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E Intermediate

m Resistant |

100 ;

75

% 50

25

0 1

Prototrophic (n=16)

Prafine-requiring (n=168) Arginine-requiring (n=15)

Fig. 4. Relationship between auxotype and ciprofloxacin susceptibility in N. gonorrhiceae isolates.
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Fig. 5. Comparison of amino acid substitution within QRDR in the GyrA proiein between gonococcal isolates in 1992-1998 and 1999.

3.3% in 1992-1993 to 25.9% in 1995-1996 and then de-
creased to 7.2% in 2002. These data suggest that an as-
sociation exists between the increase in the proportion of
fluoroquinolone-resistant gonococci and the increase in the
proportion of proline-requring isolates.

We then examined the. association between gonococcal
auxotype and ciprofloxacin susceptibility in 208 gonococcal
isolates in 2001. Significant differences were seen in the sus-
ceptibility to ciprofloxacin among the auxotypes. The results
are shown in Fig. 4. Of 168 proline-requiring isolates, 130
(77.4%) were resistant to ciprofloxacin, 31 (18.5%) were in-

termediate and only the remaining 7 (4.2%) were suscepti-
ble. Of 15 arginine-requiring isolates, no isolate was resistant
to ciprofloxacin, 1 (6.7%) was intermediate and the remain-
ing 14 (93.3%) were susceptible, Of 16 prototrophic isolates,
2 (12.5%) were resistant to ciprofloxacin, 1 (6.3%) was in-
termediate and the remaining 13 (81.3%) were susceptible.
These results indicated that the proline-requiring isolates
were more resistant to fluoroquineclone than the prototrophic
isolates or arginine-requiring isolates. Proline-requiring iso-
lates are generally less susceptible to antibiotics such as
penicillins or cephalosporins than prototrophic isolates, This

80
[oisolates in 1992-98 m isolates in 1999 |
60
% 40
20
0 _L —a. I_L r— e T
91-Glu-Gly )
86-Asp-Asn{87-Ser-Arg| 87-Ser-lle | 88-Ser-Pro Lys, GIn 92-Ala-Gly [116-Arg-His
O isolates in 1992-98 13.7 9.8 56.9 13.7 2 2
8 isolates in 1999 5.5 43.7 426 55 0 0.5

Fig. 6. Comparison of amine acid substitution within QRDR in the ParC proteins between gonococcal isolates in 1992-1998 and 1999.
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has been reported previously for non-PPNG [13,14] and in
PPNG [15}. Therefore, proline-requiring gonococcal isolates
may acquire chromosomal-mediated resistance not only to
B-lactams but also to structurally unrelated fiuoroquinolones
than do non-requiring isolates.

3.9. Substitution in GyrA and ParC

We also investigated the genetic alterations within QRDR
in the gyrA and parC genes in the isolates susceptible or
resistant to ciprofloxacin, The frequently identified substitu-
tions were a serine to phenylalanine substitution at position
91 (Ser-91 in N. gonorrhoeue GyrA corresponds to Ser-83 in
Escherichia coli [16]) and an aspartic acid to asparagine or
glycine substitution at position 95 within GyrA in both iso-
lates of 1992-1998 and199% (Fig. 5). The frequently iden-
tified substitutions were a serine to proline substitution at
position 88, an aspartic acid to asparagine substitution at
position 86 and a glutamic acid to glycine, lysine or glu-
tamine substitution at position 91 in isolates of 1992—1998,
A serine to arginine substitution at position 87 and a ser-
ine to proline substitution at position 88 within ParC were
identified in the isolates of 1999 (Fig. 6). Interestingly, of
87 isolates resistant to ciprofloxacin in 1999, 2 (2.3%) con-
tained five amino acid substitutions, 30 (34.5%) contained
four amino acid substitutions, 46 (52.9%) contained three
amino acid substitutions, 7 (8.0%) contained two amino acid
substitutions and 2 (2.3%) contained only ore amino acid
substitution within the GyrA and ParC proteins. High-level
fluoroquinclone-resistant isolates are accumulating amino
acid substitutions within the GyrA and ParC proteins.

4. Conclusion

In Japan, where high prevalence of fluoroquinolone-resistant
isolates and increasing prevalence of multidrug-resistant
isolates have been shown, ceftriaxone, cefixime or specti-
nomycin are recommended as the first-line treatment regi-
men for gonococeal infections. Flueroquinolones should be
avoided and the surveillance of antimicrobial resistance of
N. gonorrhoeae, the evolution of high-level fluoroquinolone
resistance and mutidrug resistance, should be continued in
Japan.
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